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Beginners’ Guide to the Use of in Vitro Neural Cells

Seong-Ho Koh, MD, PhD

Department of Neurology, Hanyang University Guri Hospital, Guri, Korea

With the development of neuroscience, uncountable in vitro studies have been being done. Because it is not easy to access the cen-
tral nervous system in the body, various kinds of in vitro models of neurological diseases are used to evaluate causal relationships
between certain stresses and neurological diseases. Depending on the purposes of in vitro studies, many types of neuronal cells or
stem cells can be used. For examples, PC12 cells are one of the most commonly used neuronal cells for the evaluation of cell death
mechanisms due to any stresses. SH-SY5Y cells can be used for the studies about Parkinson's disease. Primary cultured cortical neu-
rons are used to assess the toxic mechanisms by stressful conditions and develop new therapeutic strategies. Besides these cells,
there are a lot of different cells that can be used for neuroscience and neurological diseases. Based on the methods, in vitro models
of diverse neurological diseases can be made, such as ischemic stroke, Alzheimer's disease, Parkinson’s disease. In this manuscript,
several kinds of in vitro neural cells will be discussed to help beginners’ understanding.
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PHow Aol 2AH)ol gIzte)
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79 152 WhE ARE ol ek 9lol uhe AstE ol
@ < Qleke o] lor, e HES olg3tel A%
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B 71 0ES Ak 2 Al2e 5 9 AR R 9
3 b5 e ANE 5 ek Aol AZRDS o) 85 417
AR el 71 2 Aol 1 % Qe e, 94 71
& s} o] o} Al §73014] Fele] @ AFHE Fsha
W8 AL dolihs AR 18 5 gl7]ol A
ARolA] EAISH ek #9K whe- tharks o] 7}
4 2 wgoltt. 2, Ae] Hge 3742 neid u) AT
doll] Aolup= g4o] AR AN ko] Aol
o et St ATRDS ol §3 ol FH3}] oS- of
2lg ek & 2 gk whe, SEmde] 35 AEm o
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1. Cieket SUMEZRE RAE LAMES: PCI2 cells,
SH-SY5Y cells, etc.

1.1. PC12 cells

i

¢

PC12 A= FF o] Al o Bt
(pheochromocytoma) © 2HE F-aljE AxEF
ARAAE Aelshd HFH o g ABAER 3}
AL QoA ANBAEE o]g-8larzt sh= A3
o] ARE-E|IL QiTt, PC12 cell®] 72 H]nlA] ujjg
Hjery g AIAARE 35} i o] o]n] WEsiA| &
o] Blw A Z FA|%10] PC12 cellE A AN EZ 23514
ABAEE o] &g+ Aol AR 7 vh= Zlelt. 3
thoket 2177t o] AAAIH oz AR EIL glon g,
PCI12 cellt= ¥4 81717} 4oL, F-4u]-8-o] A Hatm uf
2o}k T ul-g A AA == o] ok pC12 A2 o]
v k-2 9841 RPMI 1640, 10% horse serum, 5% fetal bo-
vine serum, Antibiotic @ AntimycoticZ A B XS AL&-
sh=t], w27 Afghks HelojA Aol Badh B2 ol Al
FE A7) o}, 58 AEAERIAE 10 ~ 149 B = A 28t
W, AAE77} 2 sk ABAER Eslstrd A%
g #d A3S Wdstr]ol Bolalth(Fig. 1). PubMedojA]
PC12 cellE keyword2 J¥ote] =iEs ANE 4¢
16000 ] 7H7he- w=-E0] Zold w2 de] o] 853l gl
o}, £ Az} 94 PCI2 cell & 0]-831e] Be IT7ES X3

Q1 g, Ak3kA] £ L-DOPA toxicity, AxkaAd <=4
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PC12 cells before neuronal differentiation

PC12 cells after neuronal differentiation

Figure 1. Morphology of PC12 cells depending on differentiation
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Sol| Tk 23S gste] Hudk up gty o9} o]
PC12 celli= v o] H31 AAM LR 237} 7s3he] 21737
SHEokollA] Ho] o]-&EaL 3o} HdA] whxdo] EAfsh=],
TR EF NN e AEo|BR LB ER Rt
Sl FFAE] 5do] Hol A& 7 vk e o=
el o} 71241 Afel| F=2 o] &HaL Jrt. wEhA,
PC12 cell 7H& o]-&2l Z18st A7o] A5 =2 JFIA+F
(impact factor) & Zb= A'd ol A& =]7] =] vk ol &
wolglar & 4= ik, o] whe AlQfglh Tl H oz
= 2AREC] 8-S 2 vlg-7]¢l PC12 cellvh E2 A

2% glrks Azl

1.2. SH-SY5Y cells

SH-SYSY A Z5= Ao Ml 2ol A frefi e AlZ<ld], Al
BAIES] 715 E E3tel] vk v MEAF | o085
AUTHFig. 2). o] AlE= ol=diddl % Eubil Ay FARES
ZE7] wiZell 53] Al gk A2 E R ol 0|85
3L Qleh G, o] AZES 0]83F dTER Bol Ko
SH-SYSY cellE keyword2 PubMedollA] 2to ™ 6000 o]

YE =2E0] A} PCI2 celld} wpR7FA|R Hjoko)
Ha, AA 78 = 9= Holt} wjA| ARE DMEM, Ham's

F12 medium¥} 10% supplemental fetal bovine serum 52
2 kst Holvf, wh27) 22k trekgt AHES JAs]ol
Frelgh Holot, o] Al AA] FollA el Al2olng &
Fol 572 ¢hds] gl gloks Al PC12 cell o} 5 2
S o] Ha sl o] AEE A 2AAEC] AR S vl

) ARg-8E7] 0 Frel gk F2o] Siet

1.3. 7|Et
Lol AE S0 wjeh Tk AEFES AT 4
o™, FAA 2] AR = American Type Culture Collection

(https://www. atcc.org/) oA &1t = Qlt}, E7lA] ol &

Flgure 2 Mrphology of SH-SY5Y ceIIs
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2. Primary cultured cortical neurons

2.1. Primary cultured cortical neurons

QA 7143k EhFR BT AAAEE S 0§ U
B T P e
o] PSS A2 k. 7 WA o7} Ak e vh
94 ABHES o) §3h= Aok, vl v AAAEe] A
A WIS SbA] 714 Eel ABAE wjdR TR 7
o] BtalaL of2} o] mEAut okl JFehH & T o]
Qe ATES 2T 5 ek, Lk wjeke ) 319 207
AZE ol gk, WP ES] FH, Z3}, W= T)s, A4

ASE) 2] 9 o, He HE S S8 A5

AT o A S thigk A7E ZE 4= gl
& gL 2hds] 7]Eshd, Bof 17 A 19U B 2] HE A9
2 7UA 9l F2s %ﬂé‘h /‘ﬂi hel2 Bajet 5 ook
SRS A AL 78 HEE 7Ivked L)l

S AL ANBAZES DS 53 T:}(Flg 3). o|m AlhE A
TAE R Slal Ao AEES o]83he] A3}
S A = 9loH, B NeuN, MAPZQ‘r 22 27
A Z o] BAALE o] 83ttt o]FA Al | NEES o]83t
A o A}=o] ] w1 Aol oH JIFE W A=A AH
Ao e 4 glon, et PEES Bt 7]’82 s
Sed AME kT dHo 2 tae] AlEES
Hell A& 4 glong, Ao ARE-HE 717k A Hl%E
Bol Eth= dolvh, dabui the] 9]d AlE 5 o]-88h= 4
d2 22 A7 Hgolebd TF e AAAzES U 9
g A7 =& Aol g E 7540 Tk

Figure 3. Culture of prlmary cortical neurons.
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2.2. Primary cultured astrocytes, oligodendrocytes, and

microglia
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3. Various stem cells

3.1. Neural stem cells

Morphology of oligodendrocyte precursor cells

Figure 4. Culture of glial cells including oligodendrocyte precursor cells.
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Confirmation of oligodendrocyte precursor cells
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Culture of rat neural stem cells

Nestin/Ki67

Confirmation of rat neural stem cells

Culture of human neural stem cells

Figure 5. Culture, confirmation and differentiation of neural stem cells.
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Figure 6. Morphology of human mesenchymal stem cells

N

98 290 19107 Qo ol A

A A AER Bale Ao el ot 1)

Ho _llm

156

Oﬂ:él o

Nestln/K|67/DAPI

NeuN/GalC/DAPI Tuj1/DAPI
Differentiation of rat neural stem cells to neurons

MAP2/DAPI
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Differentiation of human stem cells to neurons
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A QA o) 91 %%oﬂ S 4ol BAl7E HolA
olc}, B TN E FAET VTS ol gat 73A 4
A5 ANkl B8 ATE A& 2 ArkFig. 6).” 7 F
T SV AS ko] F5u A RS A T 3
ohA, 23 v oFo] 7hsshH, 1 A] Tk A ul e S]ALe
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3.3. 1PSCs, ESCs
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oltt. thE HEES o8k A=t 2 ofdl AlEES]
w3 FrAlE HelA Blard wol Hl-go] Sof7kal 3o
ojg7]ol ol= Al E Aol BalA FaAletol 7hssi, wh
2hA, o] A ZES o] 83 AL ofH = T2 Aol A
2 7Fs o] o & AR AeE djE Al shle
u, ofel7HA] AR EST 74 W8-S aLefsiok skaL o] Al
E5 ol8siA ofd A & A Alglo] EFetA oot T
T Ao] & AER FE7 Aok A HAjo] A F
=8k Aol F& Aoleha Azt

4. ClosH AZMESS Olgst arsise) of

74| 715 A ABME S S7|AEES o83t
of thekst A AIA S sk M RelE vHEDL o] o]
sto] 28 7138 gAY =S sk 97ES
st 4= 9t} o] & o] AM|3E9] Oxygen-glucose depriva-
tion/Reoxygenation®]| &|g+ =/4-8 7= 75 734 2] A
¥ HPF ARRo] 7538, opd 2ol = HEL HEfol=E &

Figure 7. Anaerobic chamber for oxygen-glucose deprivation and
reoxygenation

1uM AR
Figure 8. Oligomerization of amyloid beta peptide
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2 S} AI7) 5 A efap shastolwe] AT wHlz o)&
8 5 9l WhE, PRIk S A0 Helaha A8k
2z o] g3 glo), olylolt: 7} 47 B o uje} chak
B AFEE Aeieh A2te] 2778 dja AE 2
2 olg% 4 ik, 2 Ahe] AL o2 B, oxy-
gen-glucose deprivation/reoxygenationS- ©]-8-3F = H A A
¥ 2dlo] F5E 93| anaerobic chamberE o]-&3}al 3l o
H(Fig. 7), d=3lo|HH ME 2dS 9Jsir= obd o=
Hel et =5 Se|ams} A3 5 Aol A2siA 23
< Z18Yaar Qlek(Fig. 8).
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